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research  team  of  AST  Physics  and  Chemistry  faculty 
and  students  (  graduate  and  undergraduate)  successfully  deposited  thin 
di aniond- 1 1  ke  cardon  (DLC)  films  on  substrates  provided  them  by  ARDEC 
3S  proposed.  The  substrates  included  aluminum,  alumina,  copper  and 

^Irn  ^''own  by  the  Plasma  Enhanced  Chemical 

/apor  Deposition  (PECVD)  method  using  a  deposition  system  by  Technics, 
Inc.  The  films  were  characterized  by  their  indices  of  refraction 
.measured  using  a  Gaertner  L  -  117  e  1 1  i psometer )  and  their  Raman 
spectra  (measured  using  a  spectrometer  at  the  University  of  North 
'-aro  ina  at  Chapel  Hill,  Chapel  Hill,NC).  Graduate  studies  (  1  M.S., 

1  1 h  ,D . j  d i ssertatiuns  were  developed  from  this  study.  The  M.S.  thesi 
was  comp  ted  by  and  A&T  Chemistry  student  by  the  close  of  this  projec 
Important  dielectric  studies  were  done  by  the  Ph.D.  graduate  student 
at  the  Institute  of  Advanced  Technology  at  the  Unversity  of  Texas  at 
Austin,  Austin,  TX. 
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f. ,,  including 

diamond  thin  films,  d  i  ainond  - 1  i  ke  carbon  (DIG)  ihin  fiUPoln^  ^ 

films,  d  1  r?  I  (M,  t.r  1  c  proper  t  i  e  s/ a  pp  1  i  c  a  1 1  on '.  N/A 
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J..  FINAL  TECHNICAL  ACCOMPLISHMENTS  SUMMARY 


1.  First  Quarterly  Technical  Report  (October  1,  1992  •  January 
26,1993)  Summary  -  Year  1 

During  Uie  first  quarter,  the  project  was  stalled  with  a  principal 
investigator  (physicist),  two*  co-lnvesllgalors  (1  pliysiclsl,  I  chemist),  a 
part-time  secretary,  one  graduate  student  (chemistry)  and  twelve  (11  ) 
undergraduate  (physics  and  chemistiy)  student  workers.  (Note:  Budget 
revisions  made  by  ARDF.C,  reflected  a  $3,187  cut  in  secretarial  services,  but 
a  net  $7,846  Increase  in  overall  proposed  first  cycle  funding,  which  the 
investigators  were  authorized  ARDEC  to  expend  as  they  saw  fit.  The 
choice  was  made  tc  use  the  net  increase  for  the  first  funding  cycle  for 
student  workers].  Also  during  the  first  quarter,  lab  supplies  were  ordered, 
new  sLafT  was  trained  and  investigators  began  work  on  the  proposed  tasks 
set  forth  In  Apirentilx  A,  which  were  originally  scheduled  to  begin  in  May 
,1993.  Also  during  this  quarter,  on  January  1 1,  1993  the  principal 
hivestlgator  and  both  co-  investigators  met  in  a  collaborative  conference 
with  Marilyn  Freeman  (ARDEC  Contracting  Officer's  Represejvtatlvc  and 
researcher  at  boUi  the  Institute  of  Advanced  Technology  (lAT)  at  the 
University  of  Texas  at  Austin:  and  at  llie  Electrical  Armament  Division  of 
ARDEC)  at  N.C.  A&T  State  University.  Together  they  generated  a  more 
realistic  task  schedule  that  took  Into  consideration  the  time  the  award 
was  actually  made  which  was  later  tlian  expected.  The  revised  task 
schedule  is  Apjjeadlx  B. 


*  One  co- investigator  was  placed  on  slalT  in  October  at  the  beginning  of  the 
j)roJcct.  The  second  was  forinnlly  added  In  January,  1993  .nt  (he  Ircglnnlng  of 
the  second  semester,  Ix-causc  his  dci>arlnicnl  (Chemistry)  was  unable  to  And 
replacement  leaching  stalT for  his  classes  (which  began  in  August)  In  October. 
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2.  Second  Quarterly  Technical  Report  (January  27,  1993  -  April  26,  1993) 
Summary  -  Year  1 

During  the  second  quarter,  the  N.C.  A&T  State  University  research  leain 
inenibers  concentrated  on  characterization  of  the  deposition  chamber 
(See  Appendices  C  and  D)  the  x-,y-,z-  directions  for  diamond  deposition 
using  silicon  substrates  as  standaid,  as  was  proposed.  They  found  that 
deposition  de[>endcd  on  r-,y-,z-.  Note:  The  cliemlstry  members  used 
l.ifrared  sj^ectroscopy  to  characterize  Uie  diamond  and  dlamond-llke  carbon 
(DLC)  nims. 

The  physics  team  members  deposlterl  and  characterized  tlie  films.  As 
proposed,  they  deposited  the  films  using  the  Plasma  Enhanced  Chemical 
VafK>r  Deposition  (PECVD)  technique  In  their  Plasma  DcikjsIIIou  Chamber 
by  Technics,  Inc.  Also,  as  proposed,  they  characterized  the  films 
using  a  Gaertner  L-1 17  elllpsometer  to  measure  their  of  Indices  of 
refraction. 

3.  Third  Quarterly  Technical  Report  (AprU  27,  1993-  July  26,  1993) 
Summary  -  Year  I 

During  the  third  quarter,  the  N.C.  A&T  State  University  research  team 
members  continued  to  focus  on  characterization  of  the  deiX)Sltlon  chamber 
In  Uve  x-,y-,z-  directions  for  diamond  deposition  using  silicon  substrates,  as 
standard.  Investigations  of  the  variation  hi  -z  gave  rise  to  some  very 
interesting  fringe  and  deposition  paltertrs  associated  with  spacer  type  and 
witli  electric  field  efiects  which  the  team  began  to  consider.  Also,  as 
proposed,  the  team  deposited  a  DLC  111m  on  an  aluminum  substrate 
orovlded  bv  ARDEC  fdeslunated  as  ExnerlmeTit  u  i  sf'p  AririAiirllv  IT  rr^t* 
experimental  detail).  This  deposit  was  made  during  a  collaborative  research 
visit  by  Marilyn  Freeman  to  N.C.  A&T  Slate  University  In  June  of  tliat  year. 
Tills  sample  was  taken  back  by  Marilyn  Freeman  to  lAT  for  adhesion  studies 
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and  oilier  observallons.  U  was  later  brought  to  a  Collaborative  Conference 
at  ARDEC  in  June  with  Kern  Strickland  and  Greg  Pappatrefon  of  ARDEC 
and  the  A&T  research  team.  Here  It  was  determined  that  cleaner  ftlm 
handling  procedures  prior  to  deposition  were  needed.  Also  at  the  ARDEC 
meeting  were:  Dr.  T.  Richard  .low.  Research  Physical  Scientist  at  Fort 
Monmouth,  N.J.  and  Dr.  W.J.  Sergeant,  James  Clerk  Maxwell  Professor  of 
the  State  University  of  New  York  at  Buffalo.  Other  accomplishments  at  the 
ARDEC  meeting  Included  reports  on:  1)  the  contract  status  and  recent 
visit  to  A&T  by  Marilyn  Freeman,  2)  technical  accomplishments  to  date  and 
chamber  characterization  results  by  Elvira  Williams,  3)  IR  analyols  of  DLC 
Aims  to  date  by  Alvin  Kennedy  and  4)  analytical  tools  or  Icclmlqucs  recpilrcd 
for  Him  characleiizatlon  and  desired  equlpmenf  list  by  Johnnie  Richardson. 
A  discussion /planning  session  was  also  held  in  which  It  was  decided  wc 
needed  to:  1)  design  soine  experlmenls  to  fill  In  the  gaps/holes  In  chamber 
characterization  data,  2)  design  some  experiments  to  get  tlie  ntosl  mileage 
per  experiment,  3)  design  multiple  experiments  to  study  a  single  film 
characteristic,  4)  eslabllsh  a  cleaning  pjrocedure,  5)  establish  mechanical 
testing  procedures  6)  use  witness  plates  to  determine  deposited  mass,  7)  do 
rellabilUy  measurements  and  8)  reschedule  current  tasks  to  accommodate 
new  and  revised  tasks,  Ujxjn  their  return  to  A&T,  team  members  completed 
#1  alxive  and  either  continued  or  Ixigau  working  on  #'s  2,3,4,  and  5. 

4.  Fourth  Quarterly  Technical  Progress  Report  (July  27,  1993  -  October 

20,  1993)  8uui.  .nary  -  Year  1 

During  the  fourth  quarter,  focus  was  on  tJ  e  following: 

(1)  conflnued  chamber  characterization  .  (It  was  determined  that  the 
deposition  process  was  alTected  by  all  substrate  positions,  -x  ,-y  and 
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(2)  designs  ig  oj'.jtjerlmexUs  to  get  Uie  most  mileage  per  experiment, 

A  collaborative  research  meeting  was  held  at  N.C,  A&T  Stale  University  on 
Sci)tctiibor  24-20,  1993.  Aticndeos  at  Ihc  mccthig  on  Scplcmlx^r  24, 1 993 
were:  The  AtiT  i  eseaich  temn  (Drs.  Alvin  itennedy,  doltnnlc 
Richardson  and  Elvira  Williams),  Marilyn  Ereeman  and  Dr.  Persad 
Chadee  from  llie  institute  of  Advanced  Technology  (lAT)  at  the  University 
of  Texas  at  Austin.  Attendees  on  September  25,  1993  were:  Marilyn 
Freeman.  Elvira  Williams.  Dawn  Fant,  and  Donald  Anderson  (Chemlstiy 
grad  students),  A.  Akpan  (lab  assistant).  Attendees  on  September  26, 

1993  were:  Marilyn  Freeman  ,  Alvin  Kennedy,  Elvira  Williams,  Dawn  Fant, 
Donald  Anderson,  and  A.  Akpan.  During  tlie  technical  meeting  on 
September  24,  1993,  Dr.  Cliadee  suggested  a  most-mileage  experiment 
In  which  subr.tratc  type  and  x-,-y,  and  -z  positions  were  to  l)e  varied  In  a 
single  run  (See  Appendix  F.  p.4  for  dcscrlpllon  of  experiment). 

(3)  establishing  a  routine  substrate  cleaning  procedure  (acetone  bath) 
on  all  substrates  and  an  etching  procedure  (using  NaOH  solution  on 
selected  aluminum  substrates) 

(4)  deposition  of  DLC  films  on  aluminum  (lo  replicate  tlic  results  of 
Experiment  if  1  -  reported  on  lu  the  third  quarterly  reiwrl-  but  lids  dme 
witli  cleaned  substrates).  Also,  deposlUosi  of  DLC  films  on  copper  and 
coppcr/chronUum  substrates  provided  by  ARDEC  was  a  focus. 

The  purposes  of  these  exixjilments  (See  Appendix  F.  pp.  5-27  for 
experimental  detail)  were  to:  obtain  prelUnlnary  temperature  profiles 
using  liP'U  tapes,  replicate  results  of  Experiments#  1  wltii  cleaned 
substrates,  obtain  samples  of  DLC  films  for  furlher  analysis  by  test 
m^tliods  Ollier  tlian  those  cunenMy  avalla  e  al  NC  A&T,  coat  with  DLC 
film  a  Cu/Cr  coated  Ald)EC  p?'».le,  and  determine  t  ifecls  of  raising  Rf 
ixiwer  on  quality  and  characterlsfics  of  caroon  film  (DLC)  on  various 
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substrates. 


A  normalized  deposition  rale  (NDR)  was  defined  In  eonnectlon  wUh 
variation  of  dci)osljlon  rnJc  wUh  Rf  power  atrl  hcigiil  (z)  Inside  (lie 
chamber.  NDR  was  dcllned  as  mass/a»ca*  time. 

Exjieilincnlal  results  suggests;  (1)  The  dcposllloii  composllion  is  sliongly 
dependent  upon  tlie  power.  High  |K>wer  levels  (120  W)  lends  to  produce 
more  graphlte-like  carbon  structures.  (2)  The  deposition  rate  Is  strongly 
dependent  on  the  power,  and  Increases  as  tlie  power  increases.  (3)  The 
deposition  rate  appears  to  decrease  as  the  height  of  the  substrate  In  the 
chamber  Increases.  (4)  The  type  of  substrate  and  spacer  used  seems  to 
affect  the  deixjslllon  rate. 

(5)  Electric  Field  approximations  at  film  surface  for  metal  and  glass 
spacers.  See  Appendix  F,  pp.  28-39  for  discussion.  Preliminary 
modeling  of  the  electric  field  between  the  plates  of  a  parallel  plate 
capacitor  (representations  of  the  deposition  chamber)  suggcsls: 

(1)  The  localized  electric  field  above  a  substrate  on  glass  or  metal 
spacers  predominates.  (2)  Inside  the  chamber  plates,  vacuum,  spacers, 
substrates,  DLC  films,  ail  form  a  scries  capucllor  arrangement.  (3)  The 
top  capacitor  jjlalc  is  at  440  volts. 

(6)  thickness  measurements  of  DLC  films  on  silicon  wafers/glass 
substrates.  These  analyses  were  made  by  Marilyn  Freeman  at  sites  other 
than  A&T.  Such  measurements  (using  a  Dektak  IIA  surface  profile 
measuring  system)  revealed  that  our  films  were  from  3500  to  7400 
angstroms  tlilck. 


5.  First  Quarterly  Technical  Report  (October  27,  1993  -  January  26,  1994) 
Summary  -  Year  2 

On  Deceniber  13,  1993,  a  collalxjrativc  reseaich  inecUug  was  held  at  Plc- 
atiiiny  Arsenal  In  the  Nuclear  Division.  Attendees:  Alvin  Kenny,  Johnnie 
Richardson,  Jr.  and  Elvira  Wllllanis,  Marilyn  Freeman  and  Greg  Pappa- 
trefon.  Major  shared  observations  were  (1)  that  deposition  results 
depended  on  whetlier  spacers  were  conductors  or  Insulators  and  |2) 

It  was  unclear  whether  the  top  or  bottom  plate  of  the  deposition  chamber 
was  at  ground  (the  manual  did  not  speclly).  The  team  designed  some 
cxixuiments  to  shed  llghl  on  Iheso  issues.  The  exiierlmcnls  were 
to  be  carrlctl  out  at  A&  1'  with  Marilyn  Free  jiai  lleipatliig  In  the  exf)ei  l- 
ments.  The  experiments  were  conducted. 

Also  while  at  Plcatlnny,  the  team  toured  Greg's  lab  and  had  some  profll- 
ometer  measurements  done  on  some  of  our  films  and  found  tlielr 
thicknesses  reasonable.  The  team  also  toured  the  Optics  Division  at 
Plcatlnny  to  try  to  get  some  Raman  measurements  on  the  films,  but  they 
were  too  thin  to  yield  usable  results  by  the  method  used. 

While  In  New  Jersey  (on  December  14,  1993),  tlic  team  also  toured  the 
Electronics  section  of  Dr.  Richard  Jow's  lab  at  Fort  Monmouth.  Dr.  Jow 
agreed  to  make  needed  capacitor  measurements  for  tlie  team.  The  team 
also  toured  the  Diamond  De[x)sltiou  lab  at  Fort  Monmouth. 

When  the  A&T  segmetit  of  tlie  team  arrived  back  home,  they  did  the 
grounding  test  experiment.  The  grounding  exiierlments  consisted  of 
measuring  the  voltage  versus  power  between  Uie  chamber  plates  which 
showed  an  increase  of  voltage  with  txjwer.  From  these  experiments.  It 
was  determined  tliat  the  bottom  plate  was  at  ground. 

A  collaborative  research  meeting  was  held  at  A&T  DeceiTiber  17-18,  1993 

-G- 


» 


» 


t 


» 


» 


» 


i 


wltli  attendees:  Alvin  Kennedy,  Johnnie  Richardson,  Jr.,  Elvira  Williams, 
Marilyn  Freeman  and  Mr.  A.  Akpan  (research  assistant).  The  team  carried 
out  the  experiment  tlrat  was  designed  at  the  Plcatlnny  meeting  to 
detennhie  tlie  effects  of  grounding  the  metal  substrates  on  the  qviahty 
arid  characteristics  of  deposited  carbon  films  ^DLC).  This  experln:eut  was 
labeled  Experiment  #4,  since  It  was  the  4Ui  expeilrnent  that  the  team  did 
together.  The  details  of  tills  experiment  are  in  Appendix  G. 

Experimental  results  suggest:  (1)  At  30  W,  tlie  substrates  which  were  In 
contact  with  the  baseplate  have  a  higher  deposition  rate  than  the 
substrates  on  insulating  glass  spacers.  (2)  For  both  types  of  spacers,  the 
deposition  rale  decreases  as  tlie  height  Increases.  (3)  At  90  W  no  uniform 
Him  was  deposited  on  the  substrates  in  contact  wiUi  the  baseplates.  There 
appeared  to  be  remains  of  etched  fllm  on  the  surface  of  these  substrates. 
The  deposition  rale  for  tliese  films  were  calculated  from  the  debris  on  the 
surface.  It  Is  possible  that  a  fllm  was  formed,  but  Hie  etch  rate  exceeded 
tlie  deposition  rate  for  these  coudlllons.  At  any  rate,  these  results  clearly 
demonstrate  that  the  electric  field  near  tlie  surface  of  the  substrate 
strongly  influences  the  DLC  formation.  (4)  The  surface  of  grounded 
substrates  ( 1  Cu,  I  Al)  were  etched  away,  while  the  surfaces  of  iloalliig 
electrodes  (  1  Cu,  1  Al )  were  coaled  wltli  uniform  DLC  llhns.  The 
substrates  were  all  In  the  chamber  at  the  same  time  and  part  of  the  same 
run.  Under  these  deposition  conditions,  the  Cu  and  tlie  Al  dejxisltlons 
rates  were  the  same,  while  In  previous  ex|Jerlinents,  the  Cu  dcposlllon 
rates  were  lower  Uian  tlia.se  for  Al.  The  Jlfl'erenccs  could  be  due  to  Ihc 
diflereiit  local  electric  flelds  for  tlic  two  experiments.  (5)  For  Cu  sub¬ 
strates  on  glass  spacers,  there  apix^ars  to  be  a  linear  relationship  between 
jiower  and  deposition  rate. 

The  complexity  of  the  deposition  conditions  needed  for  DLC  lllnis 
required  that  we  lieglti  to  consider  using  exiierlmental  design  techniques 
to  determine  tlie  Important  deposition  factors. 
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6.  Second  Quarterly  Technical  keport  (January  27,  1994  -  April  26,  1994) 
Summary  -  Year  2 

Aside  from  weekly  seminars  with  faculty  and  students  to  discuss  and 
plan  project  events,  the  following  other  technical  accoiiipllshnients  were 
made: 

J .  Fabrication  of  2  working  Al-DLC  capacitors  (A1  coatings  done  at 
ARDEC,  DLC  coatings  done  at  A&T).  Capacitors  gave  dielectric  data, 
altliough  they  did  stiow  signs  of  leakage,  jxjsslbly  due  to  pinholes. 

2.  Made  mdl  Raman  readings  of  selected  films  (made  at  A&T)  at  A!d)EC. 
Readings  possibly  null  l.‘cc:uiso  tlic  lllins  were  k)o  tlilii. 

3.  Began  to  compile  a  data  base  of  all  runs  done  at  A&T  to  dale  to  look 
for  patterns  and  other  Information  that  could  enhance  deposition 
techniques. 

4.  TEM  measurements  on  DLC  samples  (DLC  deposited  at  A&T,  TEM 
measurements  made  at  the  lAT).  Ring  and  spot  patterns  foniid  suggest¬ 
ed  ciystalllue  fthn  components.  X-ray  dlllractlon  patterns  suggested 
amorphous  fllm  which  could  be  related  to  grain  size. 

5.  We  studied  closely  a  paper,  "Towards  a  General  Concept  of  Diamond 
CJicmlcal  Vapor  Deposition"  by  Backnion  and  others,  as  It  relates  to  our 
work.  A  Diamond  and  non-diamond  growtli  region  based  on  the  ratio  of 
atoms  of  hydrogen  (or  oxygen)  to  lire  total  number  of  reactant  gas  aloms. 

Fc  r  our  22.7  seem  CH^  to  50  scciii  11,  DLC  lllms,  our  ratio  was 

calculated  to  be  0.894  as  follows: 

(90.8  +  100)  sccm/(22.7  +  190.8)  seem  =  0.894. 

We  exanrlned  the  capability  of  our  depositiun  sysiem  as  it  relates 
to  duplicating  the  reactant  gas  rallos  discussed  In  that  paper. 

6.  Wc  complied  a  list  of  Diamond  Tliln  Films  Journals. 
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7.  We  held  technical  meetings  at  A&T  (March  15- IG,  1994)  In  which 
exi^erlinents  #5  and  #6  were  performed.  The  objectives  of  these 
experiments  were  to  obtain  thicker  films  than  those  previously  deposited 
on  Al-on-glass  plates,  make  capacitor  devices  from  them  and 
to  analyze  the  devices.  The  experimental  procedures  are  in  Appendix  II. 

7.  Third  Quarterly  Technical  Report  (April  27,  1994  •  July  26,  1994} 
Summary  -  Year  2 

Aside  from  the  sharing  of  technical  information  and  updates  at  the 
Investigators'  meetings  and  staff  seminars,  very  little  technical  accom¬ 
plishment  in  the  area  of  film  deposition  was  made.  Tills  was  because  of  a 
breakdown  of  the  l.iow  contiollcrs  on  the  deposition  system  and  the  long 
subsequent  delay  In  the  manufacturer's  shipment  of  the  new  flow  meters 
and  accessories  that  were  ordered. 

The  new  flow  meters  arc  calibrated  to  accommodate  a  single  type  rcaclant 
gas.  This  eliminated  tlie  need  to  calibrate  the  mulli-gas  flow 
controllers  of  the  old  system  each  time  a  new  reactant  gas  Is  used. 

The  replacement  parts  were  delivered  Jiily  21.  1994  Just  four  days  be¬ 
fore  the  close  of  tlic  current  reporting  period.  This  dilemma  caused 
us  to  Iiave  to  cut  one  of  our  two  physics  professors  from  the  stall  for  the 
month  of  July,  al  5o  in  May,  with  the  close  of  the  academic  year,  the  num  ¬ 
ber  of  student  workers  was  cut  from  12  to  2  (1  graduate  and  1  undergrad¬ 
uate).  Graduate  student.  Dawn  Fanl  (Chemistry),  began  to  clearly  define 
a  thesis  problem,  which  was  icj)or(cd  on  In  subsequent  quarterly  reports. 

Because  of  the  flow  meter  i)roblem,  a  planned  technical  meeting  between 
A&T  and  Marilyn  Freeman  of  lAT/ARDEC  originally  set  (or  July  1  l-l.G, 
1994  was  cut  to  July  1 1-13,  1 994.  Instead  of  doing  experiments, 
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liU'CStlgatorR  at  this  Hieelin;  siiared  technical  Information  ar’i  planned 
future  events.  It  was  decided  hi  Uiat  nieethig  that  a  no-cost  extension 
request  should  be  n'ade  In  order  for  It  to  be  possible  for  the  team  to  ha’  e 
time  to  to  fulllll  original/ revised  contractual  obligations  to  ARDEC.  I'he 
speclllc  planned  teclinlcal  accompllshmenls  that  come  out  of  tlie  July 
technical  meeting  that  will  fulllll  all  original /revised  contracUial 
obligations  were  reporled  in  the  Planned  Technical  Accomplishments 
section  of  the  July  26,  1994  Quarterly  Report.  This  sectsou  of  the  report 
is  reproduced  here  as  Appendix  I  and  consisted  of  a  total  of  12  more 
cxperUneOits. 

8.  Fourth  guarteriy  Technical  Report  (July  27,  1994  -  October  26,  1994) 
Summary  -  Year  2 

Prhiclpal  Investigators,  Elvira  Williams  and  Johnnie  Richardson,  dong 
Willi  one  graduate  and  one  undergraduate  student,  continued  to  hold 
weekly  seminars  and  to  work  on  the  project  during  the  siumner  of  this 
reporting  period. 

Very  little  technical  advancement  was  made  during  this  rcixii  ting 
period  because  the  vacuum  pump  failed.  Delays  assc  jiated  witli  tills 
failure,  along  wlUi  those  associated  llie  gas  flow  controllers  (reported  on 
In  the  previous  quarterly  report)  made  it  necessary  to  request  a  no-cost 
extension  of  the  project  from  September  30,  1994  to  March  30,  1995. 

We  made  the  request.  !t  was  granted.  But,  because  no  additional  funds 
were  received,  the  staff ‘lad  to  be  cut.  However,  all  three  A&T  professors 
continued  to  ’.vork  on  tlie  project.  The  professors  were  released  from  (heir 
from  their  normal  duties  16%  (Rlcliardson),  2%  (Williams)  and  0% 
(Kenny).  Also,  1  undergraduate  and  1  graduate  student  continued  lo  be 
paid  from  ARDEC  funds,  roui  (4)  PENS  (undcrgiaduatc)  sludeul.s  also 
worked  on  the  project,  but  were  paid  lioin  non-ARDEC  funds. 
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Mrs.  Freeman  met  at  A&T  for  anotlier  in  the  series  of  technical  meetings 
on  the  projects.  During  this  meeting  {October  24-25.  1994)  successful 
deposition  runs  were  made  on  the  12  remaining  cxjx;rlments  since  the 
problems  witli  the  flow  meters  and  with,  the  vacuum  pump  had  bceti 
solved. 

Giaduate  student's  (Dawn  Fant  -  Chemistry)  thesis  work  continued 
wltli  detailed  progress  refrorts  made  in  cacli  (juarlerly  report. 

9.  First  Quarterly  Technical  Report  (October  27,  1994  -  January  26,  1995) 
Summary  -  Year  3 

The  principal  Investigators  and  students  continued  to  hold  weekly 
seminars  and  to  work  on  the  project-  We  continued  to  hold  technical 
meetings  between  A&T  and  Marilyn  Freeman  of  lAT/ AI^DEC  during 
which  we  worked  on  tire  remaining  ARDEC  experbnents.  During  this 
reporting  period  these  meetings  were  held  December  11-16,  1994  and 
January,  14-16,  1995. 

Near  the  end  of  the  last  reporting  period,  the  A&T  segment  of  tire  team 
begem  a  collaborative  research  elfort  wltli  researchers  In  Uie  Physics  (Dr. 
Laurie  McNeil)  and  Cliemisiry  (Dr,  Eugene  Irene)  departments  at  the 
University  of  North  Carolina  at  Chapel  Hill,  Chapel  Hill,  NC.  The  A&T 
team  began  traveling  to  tlie  University  of  Nortli  Carolina  (about  50  miles 
away)  where  they  siient  Monday  mornings  obtaining  Raman  spectra  of 
the  DLC  films  produced  in  their  lab  at  A&T.  This  work  was  done  in  Dr. 
Laurie  McNeil's  speclroscojjy  lab. 

To  Increase  productivity  (l.e.to  reduce  down  time  In  the  lab)  and, 
therefore,  to  make  tlie  lab  more  competitive  in  generating  funds  for 
continued  operation,  the  following  pieces  of  equipment  were  ordered: 


1 .  Rotary  Vane  Vacuum  Pump 

2 .  Helium  Neon  Laser 

3.  Power  Supply  for  Laser 

4.  Mao  Perfonna  475  Computer  System  &  Ethernet  Transceiver 


The  graduate  student's  (Dawn  Fant  -  Chemlsliy)  tlxesls  work  continued, 
wltlr  detailed  progress  reports  made  in  t^oh  quarterly  report. 

10.  Second  Quarterly  Technical  Report  (January  27,  199B  -  April  26, 
1995]  Simimary  -  Year  3 

The  principal  investigators  and  studc»’ts  continued  to  liold  weekly 
seminars  and  to  work  on  the  project.  We  also  continued  our  collabo¬ 
rative  research  efforts  wltli  the  University  of  North  Carolina  at  Cha|>3l 
Hill. 

The  equipment  that  was  ordered  during  the  last  quarterly  reporting 
period  was  received  and  Installed,  as  needed.  However,  delays  associated 
with  equipment  failures  (previously  discussed)  necessitated  a  request 
for  another  no-cost  extension  (from  March  30,  1995  -  June  30,  1995). 
The  request  was  granted. 

Graduate  student's  (Dawn  ATSU  Chemistry)  thesis  work  continued, 
wlUi  detailed  progress  reports  made  in  each  quarterly  report. 

11.  Third  Quarterly  Technical  Report  (April  27,  1995  -  July  26,  1995) 
Summary  -  Year  3 

The  principal  investigators  auu  studciils  continued  to  hold  weekly 
seminars  and  to  work  on  the  project.  We  also  continued  our  collabo- 
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raUve  research  eflbrls  with  llie  University  of  Norlli  Carolina  at  Chapel 
HIU. 

We  continued  to  have  technical  inecthigs  between  A&T  and  Marilyn 
Freeman  of  lAT/ARDEC.  During  tills  reporting  period,  Marilyn  Freeman 
was  at  A&T  May  8-9,  1995.  During  tliat  time,  Marilyn  conducted  Raman 
sjjectroscopy  experiments  on  some  DLC  samples  at  the  University  of 
North  Carolina.  Essentially,  all  necessary  ARDEC  experiments  have  been 
completed  at  tire  time  of  this  reixjrt. 

In  addition,  to  the  graduate  work  related  to  the  ARDEC  project  that  has 
been  taking  place  at  A&T,  Marilyn  Freeman  has  been  working  on  work 
towards  a  Ph.  D.  In  Mechanical  Enghieerlng  at  the  University  of  Texas  at 
Austin. 

In  order  help  wltli  the  upgrade  of  our  lab,  ARDEC  has  donated  some 
badly-needed,  clean  room  equipment  to  A&T  (see  following  page  for  list) 
for  use  hi  Uie  Plasma  Deposition  Lab.  However,  some  procurement 
problems  have  prohibited  us  from  receiving  the  equipment  as  part  of  the 
existing  contract,  which  ARDEC  agreed  to  do.  However,  to  allow  time  Jbr 
tills  to  happen,  we  requested  and  was  granted  a  no-cost  extension  from 
June  30,  1995  -  September  30,  1995. 

12.  Fourth  Quarterly  Teclmlcal  Report  (July  27,  199B  -  October  26,  1995) 
Summary  >  Year  3 

The  principal  Investigators  and  students  coiilhmcd  to  work  hi  the 
lab  with  concentration  mainly  on  maximum  nillcagc  experiments.  'I'he 
graduate  student  in  Chemistry  (  Dawn  Faul)  at  A&T  and  Mrs. 

Freeinsm  (at  lAT)  conllnucd  to  work  on  their  thesis  problems. 
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During  this  reporting  period,  Ms.  Fanl  completed  the  requirements  for 
her  master's  degree  lu  chemistry  and  enrolled  in  graduate  school  to 
work  on  her  Ph.  D.  at  the  University  of  North  Carolhia  at  Chapel  this 
fall.  copy  of  the  abstract  of  her  thesis  entitled  "Characterization  of 
Diamond-Like  Carbon  Films  Using  Two-Level  Factorial  Experimental 
Design"  ,  Is  on  the  following  page.  Dawn  successfully  defended  her 
tliesLs  on  August  2 1 ,  1 995. 

Althougli  wc  have  not  yc(  received  Ihc  cftulpmcnt  donated  by  ARliEC, 
we  are  contlnuti^g  to  make  efforts  toward  that  end. 


II.  PLAl^NED  TECHNICAL  ACCOMPLISHMENTS  SUMMARY 

Working  on  the  ARDEC  project  has  been  a  richly,  rewarding  experience 
for  tlie  A&T  faculty  and  students.  We  greatly  appreciate  the  supporl 
that  has  be  been  given  to  us.  We  plan  to  continue  to  oixirate  the  Plasma 
Deposition  Laboratory,  but  wllJi  greater  produclivlty  because  of  the 
help  that  we  have  received  from  ARDEC. 

We  will  continue  to  watch  for  Broad  Agency  and  other  announcements 
from  ARDEC  and  plan  to  submit  competitive  proposals  for  projects  that 
are  of  mutual  interest  to  ARDEC  and  tlie  principal  Investigators  of  the 
A&T  Plasma  Deposition  Laboratory. 
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DEFENSE 

l)e|(ar(nieiit  of  Cliciiilstry 

North  Carolina  Agriculturai  and  Technical  State  University 


CilARAClElUZAnON  OF  DIAMOND  LIKE  CAIIBON  FILMS  USING  TWO  LEVEL 
FACTORIAL  EXFERJMEN  FAL  DESIGN 

By 

Dawn  Ilcftthcr  Font 


There  are  many  chemical  vapur  depusition  (evd)  Icchnitiues  that  Iiave  been  used  to 
syntliesize  diamond  and  diamond  like  cnibun  films.  Tliese  dilTcrent  evd  tecliniqnes  have  nil 
proven  to  elTectively  produce  diamond  and  die  filius.  However,  some  piopcrlies  such  ns  him 
quality,  growth  rates,  and  tliicbiesses  vary  from  technique  to  tecitnique.  Very  little  is  known  about 
die  actual  chemistry  involved  in  die  evd  system  and  as  a  result  there  has  been  an  on  going  quest  to 
optimize  tlio  ilifrcicnt  deposition  systems,  lliere  has  been  a  Ucmendous  amount  of  work  done  to 
determine  tiie  best  processing  parameters  for  die  syntiiesis  of  these  rdiiis  for  many  yeats. 

'iliis  ;csearcli  focused  on  using  the  fiist  level  of  a  two  level  factorial  design  to 
characterize  a  tadio  frequency  plasma  enhanced  clicmical  vapor  deposition  system.  Ilxpeiimenlnl 
Design  is  a  statislioni  iiiallieninlical  iiiodol  that  ie  most  onoii  used  in  chemical  and  cngincciing 
plants  to  opdtnize  chemical  and  nmtiuliicluiing  pioccsses.  This  model  icduccs  the  nnionnl  oT 
experiments  needed  to  gadicr  a  suriicient  amount  orinfoimation,  deteimincs  iinpottant 
experimental  factors  and  die  cfTccts  dial  varying  fnctois  simultaneously  has  bn  tlic  system. 
Substrates  were  placed  syiiunelrically  in  four  positions  in  die  deposition  chamber.  RF  power  v'-iis 
varied  between  30  and  155  watts,  substrate  iieights  were  vaiierl  using  glass  spacers  between  0  and 
7  mm  and  gas  flow  rate  ratios  were  varied  between  25  and  45%  CIL  -  Hj  ratios,  llie  films  v/crc 
characterized  using  mass  deteniiination,  prorilomctiy,  cllipsomelry  and  FTIR.  Tlicse 
characterization  techniques  were  used  to  detcmiiiic  die  important  main  and  inteiaction  cll'ccts 
associated  widi  die  fthii  deposition. 


MONDAY,  AUGUST  2i,  1995 
12:00  PM 

IU)OM  101,  II INKS  HALL 


III.  FINAL  FINANCIAL  STATEMENT  (For  months  ending  July, 
August  and  September,  1995]* 

1)  STUDENT  WAGES .  50,976.00 

Amt.  Encumbered/  r'-''.te 

Spent:  50,971.00  9/30/96  Balance:  S.OO 


2}  LAB  SUPPLIES . 22,531.00 

Amt.  Encumbered/  Date 

Spent:  22,523.00  9/30/95  Balance:  8.00 


3)  OFFICE  SUPPLIES . . . 283.00 

Amt.  Encumbered/  Date 

Spent:  281.00  9/30/95  Balance: 

2.00 

4)  OFFICE  EgUlPMENT . 760.00 

Amt.  Encumbered/  Date 

Spent;  763.00  9/30/95  Balance:  7.00 


5)  SCIENTIFIC  EQUIP . . . 12,036.00 

Amt.  Encumbered/  Date 

Spent:  12,628.00  9/30/96  Balance:  7.00 


6)  TRAVEL.... . 8,736.00 

Amt.  Encumbered/  Date 

Spent:  8,443  9/30/96  Balance:  292 


*  Expenditure  and  balance  entries  are  Crom  P.  I.  records,  except  where 
indicated  from  attached  University  Records 
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Plnaikolal  Statement  (oont.) 

for  month*  ending  July,  Auguit,  September,  1996 


7)  MAINTENANCE . 0.00 

Amt.  Encumbered/  Date  (3,000  transferred) 

Spent:  0  9/3O/90  Balance:  0.00 

8)  £PA  SALARIES . 138,640.00 

Amt.  Encumbered/  Date 

Spent:  138,640.00  9/30/95  Balance:  0.00 

9)  FRINGES . 33,274.00 

Amt.  Encumbered/  Date 

Spent:  -  9/30/95  Balance:  10,738.94 

(University  Records) 

10)  INDIRECT  COSTS . 107,182.00 

Amt.  Encumbered/  Date 

Spent:  •  9/30/95  Balance:  16,252.41 

(University  Records) 


Total  Contract  Period:  September  29,  1992  to  September  30,  1695 
Total  Contract  Amount:  $378,27 1 
Funding  to  Date:  $378,271 
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APPENDICES 


AplJcndix  A 

Proposed  First-Year  lask  Schedule 


r 


Proposed 


Appendix  A 
First-Yeflr  Task 


Scliedu  I e 


..tasks. 

,13b  yin 

.I:P.U, 

Chaiftcieiize  Oui  Cfiainljei 

May 

1992 

JU9 

199? 

Goal  (Mai  Glass  Samples 

JUM 

199?. 

Jul 

199? 

Ghniaoleuzn  (nlass  Samples 

Jul 

1992 

Aug 

199? 

( Aliimlmim/Alumi/ia 

Atui 

199? 

Sep 

199? 

<  'a  Glass  f!am) )((•!: 

(  dial  at  (iM  Pit  Aluinliiiiiii/Aliiinlna 

199? 

•  )(  1 

t'la;' 

Samples 

C(jal  I'lal  Ciippo!  Samples 

(  )(:l 

199? 

I'lOV 

199? 

Oliaracleiizo  Cop/)or  Sainfiics 

Mov 

199? 

1  Jia; 

199? 

CJual  rial  ('(jfiipa.sllos/Poly'mldes 

vJait 

1993 

Tel) 

1999 

<  duAiacloilzo  ('oiiipo.sllen/l’ofymides 

lei) 

1999 

Mai 

1999 

Goal  riFil  Mulals  ( illioi  Than  Goppm 

Mai 

1999 

A|)i 

1999 

C.'haiaelmizi*  Molal  Samples 

Api 

1999 

May 

1999 

Appendix  B 

Revised  Fii  st-Ycar  Task  Schedule 


Appendix  D 

Revised  First-Year  Task  Schedule 


'll>e  piliicipaj  luvesLljJaior  and  boili  co-dliecloi s  met  wl(.l>  Mi  s,  Maill3’ii  I'ice 
man.  Conti  acting  Oltlce  Representative,  at  North  Carolina  Ai^l'  Stale  Unlvct.sUj’ 
on  11  Januaiy  93  and  togetJier  generated  tlie  follovvlng  levlsed  teclinical  plan 
wliicli  repiesents  a  more  realistic  scheme  cousldeilng  the  time  the  awaid  was 
made  (near  tJic  end  ol  tiie  Fall  Scmcslei): 

rROCEUUlUS  DATlg 

CliaiacteiTze  Deposition  Chamber  (x.y.z  Janiiat^^  -  May.  1993 

opUmtr-atlon;  coat  silicon  wafers  using 
chemcore  or  microscope  glass  spacers) 

Cliaractei  Ize  Films  on  Silicon  d.annaii’  -  Ma.3'.  199.3 

-  'Ihickiiess  (welglit  averages,  tally 
.sui faces.  Intei  fci  ci ice) 

-  index  of  Uchacllon  (elllpsometiy) 

-  ComposlUon  (F.'F.I.R.,  Auger  (V) 

X-ray  dlirractlon) 

-  Adlierencc  (plasma  cleaning  In  assisl 
Hail  Direct 

Review  (COR  and  r  cseaichcrs  meeting) 

-  Dxam.it le  Data 

-  Dxamlne  Cliatts/gi  aiihs  (desci  Ibing 
cxpeilmenls  and  losnl(.s) 

-  Slrateglze  (based  on  tesnils) 

Coat  Agon  Class  vSamples 

Cliaiacleilze  Films  (and  glass) 

Coal  A^Ai^Og  on  glass  samjiles 

Ciiajacteilze  Films  (and  glass) 

Review  (CUR  and  Reseat  (  heis  Mce(lng) 

-  Examine  Data 

-  Examine  Cliai  Is/Giaplis  (de.scilbing 
expel linenls  ami  icsnlls) 

Cliab'gize  (ba.sed  on  lesnl(.s) 

Begin  Coaling  (Topper  J'lim.s  on  class 


May,  1993 


dune  Angus! ,  1993 


Aligns! .  1993 


.Senb'inbei ,  1993 


» 

Appendix  C 

Schematic  Diagram  of  Deposition  Chaml)cr 

» 

» 

i 

I 

I 

I 


PLASMA  DEPOSITION  SY: 


Appendix  D 

Photograph  of  Deposition  Cliambei  Sliowing 
Baseplate,  Cover  and  Some  DLC  Films  on  Baseplate 


Appendix  1) 

t,  (ujt'n  |)h  of  Onpos  i  I.  i  nil  ('linmboi’  'ihowiny  Rasoplalp,  Cnvpi- 
and  Soriip  1)1  C  rilm?;  on  HaspplaRp 


Appendix  E 

Exjjeriineut  #1  (discussed  under  seclioii  "c"  below) 


b.  ScleiiUilc  MceHug.s 

'I'lie  prluclpnl  Investigator,  eight  (8)  nnclei  giaciviate 
student  leseaichera  and  one  (1)  graduate  student,  filleiided 
tile  Natlonai  Society  ol  tdaek  Physicists  Conlerciice  In 
'lallaiiassee,  Idorlda  on  April  21-2'l,  lt)P3.  IliK'e  (3) 
undergraduate  students  |)resenLed  papers  and  (luce  oil  eis 
presented  posters  at  that  ineetlug.  'I’hat  meeting  wfrs 
sulisIKntctl  tor  the  two  (2)  planiu'd  SunniK’i  l‘)P2  meellii/rs. 

c,  'recluilcal  Meeting  at  A&T 

Marilyn  I'leenian  ol  tin;  Inslltuh;  of  Advanced  'IVcImfjlogv 
at  (lie  Unlversll.y  ol  Texas  tUT)  at  Austin  and  the  Itleclilerd 
Arniaincnt  Division  at  AUDDC  met  with  A&T  ARI.)I';( :  iaeully 
(Klvlra  Williams  and  Johnnie  Idehardson  liom  the 
DeparUnent  ol  Physics  and  Alvin  Kennedy  liom  I  he 
Deparlment  ol  C;henilstr3d  and  strulcnts,  June  lG-10,  1993. 
'rechnlcal  acconn)llshnien  during  that  meeting  Included; 
future  jjroJect  e>{perlinenls.  contamination  lerluellon  dming 
[Jrocesslng,  shaiing  ol’  trtchnical  [japers  relnli’d  to  the 
project  ami  |(j1ii(  peil'ounance  ol  pioject  c-xpei  Inicnls  [see 
I'lguie  13  8)  by  Atk  1' ami  U  T  Team  meinlier.s. 

One  ol  Ihese  expe? Imcnl.s  was  designated  I'^xpcn liiK  iil 
//I  since  It  was  the  Hist  joint  A^'kl  /IAT  Ihalwas  done  on 
a  substrate  |)rcj)m<Ml  by  AKDICC.  m  Icxpci limud  //I  a 
DLC  Him  was  jilaced  on  an  Aluminum  substral(;  pic 
l)aie(l  iiy  AltDI'd  1.  Ail  ARDl'K  1  samples  wei mounted 
on  7  linn  high  glass  plate.s. 


d.  Tet^ludcal  MeeLIiig  al  IdcaUnuy  Aiseual 

The  A&'i'  raciiK.y  leseaieliers  and  Marilyn  Ineeinnn  niel 
al  I’leallnny  A.  Renal  wllh  Kern  Slrlekhind  and 
Pei)i)ei  li  don  oI  (ho  Nneleat  I  JlvlRloii  dniy  ld-l!5.  in'Cl.  Also 
present  a(  (hat.  meottiifr  were;  Dr.  r.  Plohaul  Juw,  t?(:scaieli 
Physical  Scientist  at  l"oit  Monmouth,  IMJ  and  Di.  W.t. 
Sergeant,  James  Clerk  Maxwell,  Piolessor  ol  I  lie  Slate 
University  ol  New  Yoik  at  Bullalo. 


I  lduif!  n  nil-t).  Uiitlpi(»i«tlunle  AM  leBciiiclici ,  Oiiiyl  M'huc, 
n  t //U!I  Jl'X' ,  Miullv'ii  rimiinii 
mid  (iimlunlp  nl.mlrttl.  Dminltl  Aiulfinmi 

I’Uoi  to  (he  A/Cr  lacnlly  k  e.si’ai  rhei  s  aiilval  a(  (his 
meeting,  Maillyn  I'!e<*man  had  lllin  (hleloie.ss 
meafnu  einenl.M  made  a(  AIM  ilS  ■  enc  ■, ample  IJm  made  al 
At^'l'  dm  lug  liei  .(nne  lilp  Iheie.  this  (hledmess  was  0  IP 
intciunR.  'the  Ihleluies.s  needs  (o  l)e  at  leas!  O.ht)  inir  ions. 
Ms,  t iceman  Iind  dcHl.u'ralely  (jiunglK  the  lliins  made  al 
Ai'V  t  to  (he  AhlM'X’  mi'etiii}!;  In  eompael.  closed  eoiilaineis 
la  ho(  wealhei  \J;i  .slaiidaid  alipoil  luggajie  liaiidling 
{iKJccdmcs  as  a  weai  le.sl.  'they  weie  oli.seived  (o  have 


k 


begun  lo  sweat,  anti  (o  llfilce  aioiiml  lli(!  sul;s(ial(^  <’(lges. 
Also  atlheslon  lesls  ol  (he  DLC  lUm  on  (he  glass  inounl  oi 
Lhe  ARDEC  AI  subs(ia(e  had  been  done  back  a(  A^T  nshig 
acetone,  khn  wipes.  IltJgoinall  and  scolch  (a])e.  II  passetl  all 
ol  these  tests  except,  the  scotch  (ape. 

Other  acccMiipUsiiinenls  at  (be  Altnii^C  mcelln/*  liicliKb'd 
ic[;oxts  on:  1)  (be  ('ontiact  status  and  the  iccent  visit  lo 
A&’r  by  Mnillyn  luceinan,  2)  lecbnlcal  accoinplishinenls  to 
dale  and  tdiainbcn  cbaracttnlzallon  icsidls  by  ICIvlia 
Williams,  hi  IR  aualyfds  ol  OIAI  llliiifi'  lo  dale  by  Alvin 
Kennedy,  and  A)  analyllcal  lools  or  technkjues  ic((ulicd  Ibi 
nini  chat fictei Izallon  and  deslnal  etinlpnient  list  by  dolinnk; 
RIchai  (Ison. 


NDR 


scaiis/si)()()  weio  lakeii  al  foi.ir  cliOcMenl.  locEilioiis  on 
each  wafer.  locafioii  was  Eippioxiiiiafely  90” 

from  each  oUier. 

Figures  C  3  aud  C-4  sliows  I  lie  spcelia  lielween 

1330  ami  1  130  eni  '  as  a  rniielloii  ol  lieigliL  lor  30  euuI  120 
walls  1  cs|)r(’,l Ively.  All  spirelra  Iiavi'  a  jx^ak  al  I'kIO  <  iii  ' 
which  c!ori espoiuls  lo  a  Clh  or  (JII3  (lerorinalloii.  3'hls  Is 
coiislslciil.  with  the  ha  ininalioii  ol  (llainoiul  region  In  I  he 
film  by  these  gioups. 

I'lguies  C-3  and  C  O  shows  Ihc  FI'IR  siiccha  belween 
2G00  and  3200  ein  '  as  a  funclloii  of  height  for  30  and  120 
walls  respcellvely.  llie  weak  siieetra  al  7inm  and  Idmni  for 
the  30  wait  siicc.lra  are  (he  resnil  of  llie  lower  hansmisslon 
SI  wafers  used.  All  s[)eelra  dlsiilay  a  peak  near  2020  cm  *  > 

whieli  carrespoads  lo  a  CII  slrelch  la  a  CIl^  fnncllon  groni). 

'rhlo  strongly  snggesls  lhal  die  DI.C  films  arc  lerniinalcd 

I 

wllli  CIIj  as  opiiosed  lo  CII.,. 
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oo  V  'as  L-s  *3 


Figures  C-7  and  C-8  shows  llie  I'TIR  specUa  between 
1550  and  1800  eii»  ‘  as  a  runctloii  of  height  lor  30  and  120 
watts  respcellvely.  Figure  C-8  shows  strong  IR  peaks 
between  IGOO  em  *  atul  1G50  ein  '  ,  which  Is  the  speclral 
region  where  carbon  double  bond  sh  etches  (C=C)  usually 
appear.  'I'hls  suggest  (Ijat  at  Ihls  pow(a  luore  unsahuahMl 
carbon  or  graphlle  ty()e  eoinposltion.s  aie  being  toiinerl. 
'I’liesc  carbon carbon  doul)le  bond  lealui  es  ai  e  present  at  all 
lu^lglils.  riu'K^  Is  no  Indlc^allon  lhat  sinillai'  shu('(ni<‘s  au^ 
lomied  a(  a  |}ow(M  oI  30  walls  (  Flgtin!  ( !  V), 


3.  Suuiiiiary 

A)  llie  dcpoalllon  (U)niposlllon  Is  sirongly  dcicndent 
upon  (he.  i)ower.  High  powei  levels  (120  walls) 
tends  to  produce  more  graijhlte  like  carbon 
structures. 

13)  rh<^  deposlllou  lah*  ts  sirongly  dependent  n|)on  Ihe 
power,  and  Increases  as  Ihe  power  Increases. 


7A 


C)  The  deposiLloii  rale  appears  lo  decrease  as  IJie 
height  of  the  substrate  lii  the  chamber  Inci eases, 


D)  'I'lie  type  of  subshale  and  spacer  used  seems  to 


aflect  (he  deposition  rale. 


D.  Klectrlu  Field  AinuuxlnmUon  «t  Film  Smlnet?  lor  McIhI  niul  (Jliifsn  ^inu'erR 

I’lelliillilaiy  jiunlellijg  of  Ute  elccltlc  Meld  Ijelwcoii  llie  plalca  of  a  |km:iIIcI  pinie 
(;n|)rtcllol  (rcpieacnIalloMf)  of  flic  depoBlllott  cfiaiiibci)  fbllowg  on  llie  next  s(n'(Mal  pnfJ('g, 
In  Hinso  iPodela,  (lie  jinnanipdoiin  niadt;  me;  (1)  (he  loeall7.ed  el(;i;(il(;  Held  oliove  ri 
aid,)M(iale  on  ginaa  oi  iiielnl  apneein  piedoinlnalea,  \'A)  vaetinni.  apaeeift,  !Md»'ili:il(';i, 
DLO  niuiai  nil  willi  area  A,  loini  a  aeilea  (•apm;l(or  anangenieid,  (d)  (Ik;  (op  eiiparlloi 
plate  la  at  4i0  voUa. 

Also  In  thesti  modcia,  the  Ibllowing  ayinhola  have  been  tlefhied; 

C  =3  capaeliaiiee 

eO  r-  iiernilidvdy  ol  (iee  spn(;e 

A  area 

d  ^  dlstanee  l)etw(!en  eapaelloi  plah;;! 

U  the  eiicigy 
V  rr  (he  voliage 
k  ^  liie  tlleleelile  eoiislanl 

The  dlireteiit  U'a  (epieaeiil  (he  lejjlons  ot  dlireieid  dlel(;elil(!  eoiiglmd  helwi  i'ii  (he 
ea[>neltoi'  iiiatea.  I'dr  exampit;,  In  iuod<;l  //!»,  kl.  k'A,  Idf,  and  Jol  iiilghl  u  piifienl  (Ik; 
rllelcctilo  eodslniit  for  a  spaeer,  a  sllleon  anhsltnte,  a  Dk(.;  Illin,  and  a  vaeiniin, 

lesiicetlvcly.  I’lelinlhiaty  iiinneileal  values  Hint  appioxhnale  IIiomc;  ol  die  dleleelilrs 
lifted  111  ohr  (insle  IjLC  exiiciliiieiihi  ate  exploied  using  I K  Solver  I’hes  eoinpiilei 
sollvvalo  to  gelieiate  nuniheis  (lint  eaii  lie  eoiiipaied  with  lenf  {laiaiiielei  values. 
i'i<|iln(loHs  hi^ed  In  (lie  above  models  liielude: 


VOLlJMli:  r.  A  .  d 
U  ---  (1/2J  C  V=’' 

U  -  (l/yde„  j  k  F 
O  -  k  (A/d)  r. 


d,r.  ^  t/T  volume 
k  (’ 

vaeuuiii 


I/C  =  (l/Cy  I  t 


(eapac'lloi.s  In  sei  le.s) 


5  ile  , 

-'MOcielllh^  ille  irlecLI’ic  I'IgIcI  In  Ihe  Ueposllluii  ChinJibeJ'  By 
"Settles  AficI  i^ul’al  lel  hcifellel.  I’luin  C<ip(ici  lui  s 

''Model  U\.  -  A  Pal’dllel  PIoLe  ('(j|)(K;n.(;i‘  In  A  Vnonuiii 

C  «  e0^A/(l 
U  =,  CC'^VA^)/^ 

i)  -  CI/2)‘‘'e0''k*CE^Z)'''vuU,ime 

Volume  =  A‘*'d 


imniiiliri  mwi  ii 


St  Input  Ndiie 

C 

^.S(5E-l2  e0 
*0081  A 

*0325  cl 

U 

4^0  V 

1  k 

E 

voluitie 


Output  Unit 
2*206E-12  farads 

coulofiibss 

III 

III 

2.1351E-7  joule 
vol  ts 


CcHtiiient 

the  capacitance 

the  ai'ea  of  Lhe  capacitor 
the  lieight  of  the  capacitor  yap 

the  potential  at  tfie  top  plate 


9573.138  volts/iii  the  electric  field 
.00026325  tiicubed  the  volatile  of  the  dielectric 
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^  n  -  A  parallel  plate  capacitor  filled  completely  with 

"a  single  dielectric  k 

C  =  k+eS’^A/d 

I)  =  c*(y^zy2 

♦  U  -  (i/Z)*e0*k^(E^2)*voluiiie 

*  volatile  =  A*d 


^  ■■ 


:t) 


(I  lirtll*lfliT"Tt'WiTl 


MiK 


^  Inl2Uj:  fiaue 

C 

IJ  k 

8.85E-i2  60 
7.0081  A 

.007  cl 

U 

440  V 

E 

volLNne 


QubpuL  UiLil:  CmiiiHenl 

1.74iE-ll  famds 

cuultxnbss 

tnscj 

III 

1.6852E-G  joules 
vol  Is 

44440.712  voUs/m 
7.0000567  mcubeci 


V. 


S'  Bulfi 

'Model  #3  -  A  parallel  plale  capacitor  filled  with 
"dlAlectrics  kl  and  kz 

* 

C  =  C2’*'e0+A/d)’'CCkl*k^yCI<  l 

’  u  =  c*(y^zyz 

*  Ul  =  (l/2)*e0*kl*CE;LA;?)*volume1. 

IJZ  =  (i/2)+e0*k2*(E2Az)+voluiiie2 

*  voluinel  =  A*dl 

*  voluineZ  =  A*d2 

*  E  =  alpha* El 

*  E  =  beta*EZ 

*  U  -  U1  -I  li2 


31 


s  auk 

if  A  -  A  parallel  pi  a  be  capacilior  rilled  with 
"three  dletectrics  kl,l<2,k3 

Cl/Q  =  Cdl/kl*e0*A)  i  Cd2/k2*e0+A)  i  Cd3/k3’*'e0+A) 

*  U  =  C*CV^2)/Z 

*  Ul  =  (:l/2)+e0+kl+CE1^2)+voluinel 

*  02  =  (l./2)+e0*k2+CEZ'^Z)^volume2 

*  U3  -  Cl/2)*e0*k3*Ck3A2)^vuluiiie3 

*  voluiiiel  -  A*dl 

*  voIuiiig2  =  A*d2 
voluneB  =  A*d3 

*  t  =  alpiia^El 
E  beba*E2 

*  E  gaimia*E3 

*  U  -  Ul  -»  U2  -I  U3 


InpUi: 

Name 

OulpuL 

Ujii  L  Cmtimei  i  L 

C 

fafuds 

1.86 

lei 

Z 

kZ 

i. 

l<3 

volume  1 

nKUlnnl 

voluiiieZ 

Jticubed 

volumes 

iticLibed 

13538 

[1 

volLs/iii 

cl 

6/690 

volLs/m 

l:Z 

'151ZG.66/ 

vol Is/m 

E3 

Z70/G 

vol Ls/m 

30 

u 

joules 

U1 

joules 

UZ 

Joules 

U3 

joules 

.Z 

alpha 

.3 

be  La 

.5 

gaiiina 

.0081 

A 

ms(| 

.00/ 

d 

m 

V 

meubed 

dl 

m 

e0 

coulojiibss 

(JZ 

III 

d3 

III 

IC) 


S  EUie 

*'Moddl  #5  -  A  parallel  plale  cupacHor  rilled  with 
‘'tliree  dielectrics  kl , k? , l<3 , l<4 

Cl/Q  “  C4J/k1*R0’*'A)  (  Q\?/k?*9^*K)  I  C43/k3*e0^A)  i  CtJ^/k4*e0*A) 
U  -  C*(V/'2)/2 

Ul  «  Cl/2)*e0*kl*CE1^2)’^voliJiite;l 
U2  -  (l/2)^e0*k2*r(-2A2)+vulUiie2 
ll3  -  Ci/2)’^e0*k3*Ct3A2)*v()lume3 
U4  «  (;i/2)^e0*k3*Cl:4A?.)+voUime4 
volUiiiel  “  A*cJi 
volutiie2  =  A*d2 
volume3  =  A’*’d3 
v()lu<iie4  “  A*cl^ 

I:  tjlpha^l'l 

1:  -  IjgLu^  I  2 
k  ^  gatuiia^I:;3 
E  -  delLa*E4 
U  =  Ul  I  U2  I  U3  1  U4 
d  =  dl  r  d2  -I  d3  i  d'l 


V 


inGut 

Nane 

Oulpul 

Uuil  tommenl. 

C 

5.1891L-14 

r  arads 

;(^07 

til 

' 

m 

1.86 

kl 

8.85L'  12 

e0 

couluinbss 

.0081 

A 

mst| 

.003 

tl2 

II 

2 

l<;2 

.0015 

tl3 

III 

2.^2 

k3 

U 

. 00003G11 

joules 

V 

3. 7311-10 

vol  Is 

Ul 

2.13821-6 

joules 

ri 

67690 

vol  1  s/iii 

vol  llllKvl 

.t)t)t)t)')67 

iiKl  lin'd 

li2 

d.37'Mi:  7 

joules 

k2 

d5126.GG7 

vol Ls/m 

voluiiie2 

.00002^3 

mc.ubed 

U3 

1.^  90^1 1-7 

joules 

L3 

33M3 

volls/iii 

Volumes 

.0000J215 

nicubeiJ 

13538 

k 

vol ls/m 

.2 

alpha 

.3 

be  La 

.4 

gamia 

.021 

III 

1 

k4 

IJ/I 

3.338^1-5 

joules 

k4 

135380 

vol ls/m 

volume4 

. 0001701 

moubed 

.1 

della 

.0325 

d 

III 

Rnf-prenres  lOi’  Cdinici  lors 
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Appendix 

Experlnients  #2  and  #3,  Maxiininn  Milage 
Experiinentai  Set-up,  Model  oi  Electric  r^ield  in 
Deposition  Chamber 


11.  Fotuth  yuniloi  Tc<;luilonl  I’logicfss  Ui*|n>il  (IuoIiimIvc  of  Srcllniif;  (’.I)} 


(Ilia  loporlliif}  pnlod,  (July  y,7.  lOPJ  -  f;f,(ol)<,!i  2!5,  (hen:!  lino 

Ijecii  on:  ( 1 )  ooiidiiticd  olininotoilr.aduii  ol  llio  (lopoallloii  In  (In’ 

z-tlheolioii  lot  dltuiioiul  ilojioallloii  on  .aillcon  siihnliaUia  na  slmulnid  rmd 
analysis  of  UL(J  lllnig  (Sco  mudloii  C  IjoIow  Cor  discussion  ol  dolalls), 

(2)  dcsl(fidi)(^  cjtpoi  liiiciits  lo  j{ol  (lie  inosl  jiilk;nj(e  per  expcilinent,  (d) 
cslablisliliig  u  Hiibaliafo  oloaiiln{i  (and  elcliliif})  piocediuc,  (J)  ilepoalllon 
of  ULG  llliiis  on  akiiiiiijuin  and  tiopper  suhsltalcs  piovidcd  by  ARDIUC. 

(bj  lElecldc  Field  appioxlinadoiis  at  Illiii  sin  lace  for  inelal  and  (’lass 

1;  Iccliiiical  Mccdiiji  al  A/(iT/Munl  IVlllt!a/>c  I'ixpin  iiiioiil  I  )(*sl{’ii(;d 

A  oollal)om(lvc  icscaicli  niccdii|J  waa  held  a(  N.C.  AfiiT.SIalc  IIiilvciMlIy  on 
fecplciiibcr  y, <1-2(1.  Id!):i.  Adcudi'cs  ji(  l|ic  inccIlMji  on  Mr|>(cnibci  2'l .  I dSId 
^voic;  1  Ik;  AAT  ics(;aicli  icain  (Uin.  Alvin  Kennedy  .loliiinh; 

Illcliaidsoil  and  Flvlia  Wllllains).  Maillyu  Fieiiinan  and  \)i.  F(;i!!ad 
('liadee  liuui  (he  Inndtide  ol  A<lvaiK;etl  Te(;hnolo(»y  (lA'I  )  id  die  lliilveislly 
ol  Tc-xiis  at  Ausdn,  Adeiidees  on  Seiileniber  2!j,  iPPd  weiei  Maillyii 
Fieeauui,  ddvlia  WUlUiais,  Dawn  Caid  and  Donald  Aiideismi  (Cheiiilsliy 
Kind  H(ndenln),  A.  Akpan  (lab  asMlJilaiil ).  Adendi;es  on  Sepleiiibei  2(), 

IdW.'l  weie:  Maillyii  Ideeaian  ,  Alvin  Kennedy,  I'dvlia  Wllllains,  Dawn  l  anl, 
Donald  Andcisoii,  and  A.  Akpan.  Dnilnp,  (Ik;  (echnleal  ineelln(i  on 
Sepleniber  2d,  Iddd,  Di.  (  Miadee  Hn/>(/es(ed  (he  ino,si  iiiii(;a(>e  ex|  ci iniein 
sl'etclK;d  b(;lovv! 


;i 


shown  In  shirks  o(  ole  ol(>li  ;is  po.s.slhic  In  Iho  mm 

clumilxM-  Ropcnl  shu.-klii}'  nnll!  nil  olinmhoi  hnsc  Is  nsc'il.  I’inco 
snhslinie  cliijis  on  each  siklo  ..'.(olt  and  inalu;  a  dc|H)Sll ion  smi. 

Sulisliale  chips  may  vaiy.  c.(<.,  Al.  <  'ti.  cic.  Many  cxpoi  limmls  can  lx- 
nhiained  I'loin  a  sln|<lc  imi.  oxainplc,  lirposil Ion  as  a  hniclinn  nl 
lu!i{'hi,  d(;p()sll  ion  as  a  Innclion  nl  snhslialc  ly|>f,  <'l'-  I  i'<‘  AA  I  (enm 
plans  lo  (■'  '.K'se:  r.xpci  liiK'nls. 

Z.  'I'ociinioal  Moollnji  n(  Ai^  l  /Sn list i  ale  Clcaniiifi  and  I'dohitif'  i’l  oicdn  i  cs 
Inlllnhsl 


Suhsliale  tUcaniih*  (and  I'drlilni;): 

All  sulisiralos  vvoio  carnned  iisliijf  lies!  avallahic  incihods  as  (dllmvs: 

MjciuscpiK;  Slides  :  >S(!i  iihln'd  wllli  lap  walci  and  clircsa  I'lolli  (li'm 
liiiscd  wllli  (ap  \val(M  and  vapor  dilml  in  arolonc  vapoi 
(Ac  chcinl'Ttl  piadc! 

AJuiuiiuini  Shcids  :  Al  slnxd  lo  he  coaled  was  pic!-  |)ollslied  mdiij; 
lap  wa (<■■',  cheese  clol  h  and  "<  'oi  nliif*  <  'leaix'i  and 
( !ondi(ioi!(,i a  |.solhdiln((  conipomid.  I  Ills  plate  was  Ihen 
rinsed  well  In  (ap  wa((M' and  enhse(inenll\'  cleaned  wllli  same 
melhod  as  desei  Ihed  helo'v  loi  lesl  ol  alinninimi  plales  (loi 
siackliip)  All  a'nailiiinn  plnh's  weie  e.uhks  led  lo  a  1 
mlmde  nl|)  inlo  looin  lempeialme  eonei  iil  laled  Sndlimi 
hydioNkle  sohdion  elehln|(  and  (In  n  ilnsed  widl  In  lap 
wal  er  I  I  ley  wei  e  snhmei  sed  in  lap  wa  I  ei  Ihen  ilnsed  and 
vapor  di  led  In  aeeloiie  vapois. 

vj|  Waiei.'i  :  .‘d  WTileis  vvei<’  ilnseil  wllli  aceloiie  Ihen  hip  waiei  and 
va|)oi  deii  ill  aeeloiii'  vapors  rr'pcniciiiv  niilii  lire  siiiiaee  (o  he 
eoaled  dried  eviaily  and  "  loolied  (  lean  (ii  type,  p doped) 
AUIJI'JC,'  I’lnles  :  I’  P,.  I)  (>,  nnd  A  IP.  weie  ilnsed  In  lap  w.ilei  mid 
lepealedly  vajioi  eieaneil  In  ni  eloiie  vapois  milll  Hie  .snilai  e  lo 
he  coaled  (hied  ev<;nly  when  lemoved  (loin  (he  vapois  and 
"appear  ed  eleatr". 


3.  iJcposKlon  uf  I)L(;  I'llmn  on  Atniniiiiiin  niul  (.k)|)|)ci  .Suhslicilcn  pimidcd 
hy  Aiu:)r:c 

Dinlni*  llio  soconil  and  tidid  <lnyn  ol  llic  Idiclinlcn!  Macllni;  nl  Aft  1 
(Scplciul)(n  y.!)-3(3),  two  oxpn liiKMiln  w«;io  pcildinicd  (inn  It'MV?  oi 
Ex])Giintf;nl  U'A  nitd  nm  //3d3  or  fiiic’id  H:J).  l  lio  cxpciInK!!!! 

peiToinied  durln|i  (lie  dime.  I‘J‘J3  ooUnlioindve  tectinlcal  ineelln(»  nl 
A&  T  and  icjioiled  In  (lie  I'iilid  (Jiini Icily  llepoil  Is  leleitcd  (o  ns 
rjxjici  lincid  //I*.  'Ilie  cxpei  Inieidei  s  lor  Isxpei  Iinenis  f/'A  mid  1/3  weie  A 
Alipan,  Dawn  Faid,  Mmilyn  Picenian,  and  Flvlia  Wllllmns.  ilie 
otijccllvea,  and  sidisliale  coidljMiinllon  In  llic  deposlllon  eliamhei  (oi 
(hesc  cxpei  lineid.s  aicsliown  liclow  : 

ISxiiciiincnl  U'2 

Olijcollvc!  riie  I’m j)os(!  ol  lids  cxjici fnicul  wa.g  lo  (  Dlaln  (lie  lollowlnp,  dni n: 

1)  Picllmlnaiy  Icmpcialmc  piolllc  nsliij}  lic.il  (apes 

2)  Ucpllcalc  ii'sulls  olP^xpci lincid  III  wllli  cleaned  Miibsliales 

3)  Oblnln  samples  ol  1  )L( !  dims  lor  Ini  llier  nnal\'sls  by  lesl  inelliods 
odicr  diaii  (dose  cuiicidly  available  td  N.t'.  Aft'ISl) 

'll  (,’oa(  wild  I  )I,( dim  a  ( 'u/( 'i  coaled  Aid d'Jl  ’ [ilalc 

Sndsiialc  ( 'onlljMii allon  In  Cdnnidci  (dee  lop  ol  Iblloulofi  pajje) 


*f\lo(c:  Ms,  I'lccmiaii  banded  on!  a(  (Ills  mecllM|i  n  M-pojI  cidltled,  "Idli  ho's.s 

n'cosmemeiil  ol  I  ilmrond  lllic  I  bln  l  lims  on  bllleon  Wal'eis  and  (  doss 
Snbslialcs",  wldcb  wa.s  pcilbimcd  by  ics.-aicli  leam  mcmbci.s  nl 
Aid )!'.( J  on  (be  I  )I,( !  dims  deposlled  In  Fx  pc  i  linen!  //  I .  I  bis  lepoi  ( ,  In 
Ajipendlx  fdves  illm  lldcluic.s.s  ineasm emeiils  ol  3!)()()  A  ,  7()()()  A, 
and  7'1i)(]i  A. 


C.  Aiialtjsi$_oJ' DLC  lHlfils  to  Date: 

'I’lic  piinuiiy  lociis  ol  Uu;^^  <>xj)Oi IimchIr  was  lo  daU  i mliii' 
Uio  cITor,!.  of  halii  j)uvvoi  aiul  pasllloii  ul  llic  .siiljahalc’  in  llu' 
(Icposll  Ian  cliainljoi  upon  Hi<'  dc’posll  Ion  rah^  and 
(M)iiipt\slUnn  ()(  Ilia  DIA'  liluia.  Ilila  Maalkni  auiuinai I/.cm  llu' 
reaiilla  ol  IIh'  di'poMlIlan  rli.ainlx'i  chat  acU'i  i/allnn 
axparliiuMil.s  and  pirllinlnaiy  aiialyjd.s  ol  inns  inadr  ti.sln;< 
ARI)I':c  daposlilnn  plali^.s.  'Ilia  daposKlnn  lala  Is  i (spoiled 
uslii^  a  iioriiudizi'd  (h'pnslllnn  rala  (Nl  Id)  and  Ilia  (iian/'/'s  In 
aninposil Inn  ai('  i('pnil<‘d  nsliifi  [''I'll^  dala. 

1.  Noi  lualizad  I  )('pnsll Ion  Rala  (NDR) 

As  d(^S('i  Iliad  In  a  pnwioiis  saallon  llu'  mass  nlCiaali  walai 
was  maasnra  lialoii'  and  aIRa'  daposlllon.  nt'aansi'  ol  Ilia 
dillaianaas  In  IIk^  dlanudai  ol  Ilia  walais  and  Ilia  d('|)Oslllon 
llnias  nsad  lluvsi*  ii'snlls  ara  rapoilad  nsln;J  a  (alaniah'd 
noMiiallzad  da|»oslllon  lala  (NIIR).  Mia  NDH  painills 
aoiiipai  Ismis  lialwaiai  dillaiani  i  nns  and  Ilia  foi  innla  Is 


^Jlvaii  lialow: 


NDU= 


mass 
a  rca'^'Umc 


'I'ablca  C  l  lo  OS  show  llu^  NCR  loi  doposll Ions  ol 
Uinciciil  heights  (zaUreellou)  In  Ihe  chninhcr  and  dllIcKSil 
(JcpusUlon  [jovveis.  A  desciipHon  ul  l.hc  poslhunlng  ol  llie 
walcis  can  be  louiul  In  seellon  13, 

'gable  C  l  shows  Ihe  NCR  loi  a  suljsl.ial.e  heighl.  ol  0  min 
in  llie  chamber  using  l)o(h  SO  mid  ISO  walls.  'Ihls 
eonesponds  lo  the  silicon  snbsliale  lesling  dlii'clly  on  IIk* 
base  plale,  'The  inn  number  glve.s  llie  aelual  nin  iinmbiM' 
and  Ihe  x,y  poslllmi  of  Ihe  wafer  in  llie  chambi'i .  for 
example  It  SbO  ()  corresponds  lo  inn  SSO  al  <.y  posllion 
0*’.  Most  of  Ihe  runs  were  lakiai  al  X.Y  -  0.  'Two  nnrs  (IIS.SO 
(St  lfSU7)  were  mtule  with  lour  wafers  In  Ihe  tdiainln'i  al  loin 
dilTcrenl  x,y  poslllons  (sci^  seellon  1)  for  details)  al  SO  walls. 
Rnn  //S70  was  inn  under  Ihe  saint'  eondlllons  al  ISO  waifs, 

'I'he  aveiage  NDR  al  Z-Oinin  and  Sh  walls  powt'i  wa.s 
measnrtid  lo  be  S.0(0.S)l':  00  nig/mm^ min.  NCR  values  lot 

Id 


Table  CM 

Norjiiali?,ed  Deposilioii  Hale  ler  Z-O 


RUN  // 

Dinmt?lei 

Rf 

'lime 

fvln.ss 

NUR 

(turn) 

(waOs) 

(min) 

(nig) 

(n\['/ii\tn'^2  mM\) 

339-0 

101.6 

30 

360 

1  LOO 

4.0IL06 

339-90 

101.6 

30 

360 

11.44 

3.91v0() 

339-180 

101.6 

30 

360 

11.69 

4.01v()6 

339-270 

101.6 

30 

360 

12.2. 

4.2.  L, -06 

307-0 

101.6 

30 

180 

4.89 

3.B1'  06 

307-90 

101.6 

30 

180 

0.92 

4.117  06 

3{J7-180 

...  - 

10 1. 6 

30 

180 

0.32 

3.617  06 

307-270 

101.6 

30> 

180 

0.3 

3.61706 

avj».  - 

3.8(0.0))(-06 

370  {) 

101.6 

120 

168 

9.74 

7.2.1-:  0(, 

370-90 

101.6 

120 

1()8 

9,, 3^1 

0.91-;  0(, 

'/.())  M)() 

(i.Hi'  06 

r.otJoM'Oo 


U33Vi  liMVc;  very  IHIle  v;n  lalloii.  While  /KU)7  N!)ll  npix'jus  lo 
vary  wllh  x,y  posh  Ion.  'Mie  NDR  m(  l‘AO  wnK.s  w;ut 
7.U(U.2jl'h()(5  and  eoi  r<!.spon<la  lo  a  fhl'Ki  lnerea.se  in  llu'  NI)P 
al  llie  IiIjMkm  powc'i  a. 


'I’aljflo  (I  '2  sliuwH  Ihe  NUK  (or  a  .s\il)Rhal{’:  lud/^lil  ol  7min 
Iji  Uic  ehanr,)ei  a(  dt)  and  121)  walls.  I'oi  lU)  wal.l.s  lln^  NDl^ 
det;rea.s(Ml  wllh  an  liu:reas(^  In  lu'l/^lil  In  a  vaine  ol 
2,(?(U.())l'hO().  'I'lieie  wa.s  also  a  (U'eie^asi^  In  NUU  al  120 
wail.s  wllh  Ihe  Inerea.sjMl  li<di.>hl  lo  a  valm*  ol  d.  I  (1, 4)1')  OO, 
Wlileh  Is  an  ln(;t(^a.s(^  oT  l)H%  <!ninpai  (Ml  In  dO  wal.l.s. 


'I'ahle  (!  d  show.s  Ihe  ND)^  Ibr  a  heij^lil  of  Idnun  in  llu' 
elminlxn-  al  d(.)  and  120  wail.s.  'Ihe  NDR  dts'rea.sed  lor  hulh 
pnwer.s  al  llil.s  lnd;[»hl.  /M  .'lO  wail.s  Ihe  NI;K  de(S('a.sed  lo 
I .(){(),  I  )Ii;  Oil,  while  al  12,0  wail.s  IIm^  NDK  deeiea.sed  lo 
2.7(0.2,)Ii;  DO. 


(!  I  is  a  i4ir(|)ii  i;{  NDK  v.s  depo.sillni!  !!e!*4h!  and 
})ovs'.r.  1  hr  holh  |)Ower.s,  NDK  d('erea.ses  lliK'aily  a.s  Ihe 

eliainhj'i  hei/JhI  ineieasf'.s.  'Ihe  hl^^hei  pow('i  eleaily  has  a 


'rnl)l('  (1-2 


P 


» 

Norjiinlizud  J )o{)()f?il,i()ii  lialu  Ibi' Z~V  niin 


RUN  n 

i  darnel 

(M  (inm) 

Rl 

(wall 

■4 

Tinu‘ 

(mill) 

M  ass 

NUK 

(mp,/mm^2. 

mill) 

364.-U 

101.6 

30 

180 

2..()3 

2.71',  0(. 

364-90 

101,6 

30 

180 

2.8 

2.91'  0(, 

364-l«() 

101. f. 

30 

180 

2.7 

7.81':  ()(, 

364-270 

101, () 

30 

180 

2,83) 

2.91'  0(, 

, 

av)^,  - 

2.610.())l'-()(i 

1314) 

101.6 

1 7!) 

60 

2..07 

4.;M';  0() 

V31-90 

101.6 

123 

60 

2.33 

4.81':  0() 

BI-IHO 

101.6 

1 2R. 

(.0 

2.2.9 

4.7!'  0(, 

)3 1-2.70 

. 

101.6 

12.3 

60 

2.44 

3,oi:  oi) 

AVN. 

4. 1(1.4)  i:  0{, 

i 


» 


» 


Table  C-:J 

Nunnalized  Dej|)osi(-iuii  Hal-c  Ibr  Z-l/l  mm 


RUN  U  Diatnelei'  Rf 


U7G-0 
376-90 
376-180 
376  ■770 


375-0 


375-180 

375-770 


Mfisri 


NI)!^ 


(uuTi)  1  (walls)  (mill)  |  (i"!’)  (iu|'/inin^; min) 


1.0 1( 

0() 

1.11' 

•06 

I.Ob, 

()(, 

9.71' 

07 

1.0(0.  i 

DIM) 

7.3  b 

()() 

7.8  b, 

Of) 

7,8  b 

Of) 

7.9  b 

Of. 

2.7{.'J.)  li 

;  0() 

'  'j  ‘.r.'fsw,*-..  ..  H'- 


luf^l.or  drposlllou  ink:.  flilH  (IrpoiuhMUM.';  on  powoi  ond 
(If)on  mil  Imply  lhal  llu*  oomo  ('omposlllon  uiolcHol  li? 
l)oinf4  (lr[K)sllc(l  m(.  (Ik*  vniloii.s  liol/J[il>s.  I  his  will  Ik- 
dis(niH.s<;(l  In  llic  in'xl 

I''4<nm  {'  2  .sIiovvM  llio  i c'lal loiifiliip  liolwi't'ii  Ml)l^  iiml 
p()W(a‘  lor  (llKc'ronI  solisli alof?  iiiul  Iii/dH'i  powi'is  al  a 
ohainlior  liolj>lil  ol  7  nun.  I'lils  p,i;ipli  (•onihliics  dnla 
i<^jioil<'d  above  wllli  M'sitll.s  oblaiiu'd  liom  ('Xjua  Imei il;; 
<!omlii(’led  Willi  Me,.  Maillyn  I'K'eiiian,  riii'  expia  Iniiatlal 
ilelallM  ol  lli(^a<‘  nm.M  wiai!  (IIhcomhimI  In  seelinn  11,  l  la-  opi'ii 
oymbol.s  lepicMi'iil,  lesnll.s  oblaliu'd  lioiii  di'piisKloii!;  on 
Jn.snladiip,  .all Icon  emilnliilii;',  aobol  i  alea.  I  h(>  clowal  ayo il ii il.'i 
ie|u'ea('iit  inelal  lllni.a  depoailed  on  /’loo.a  7inin  snbaliolea. 

'Hie  open  inveile.d  nnd  npilji.lil  liian/'.le.a  aie  llie  k'siiIIs 
l(a  depoalllon  on  ellbei  pjaaa  allde;;  oi  f',1  walei;;  on  pjaaa 
•sinipoi  la,  I'or  IIk  :e  ronn»l('l(‘Iy  in.anlallnif  snbslialea  llie 
Nl)k('Ieai  ly  Inei  easeiMliieai  ly  wKh  Ima  ('n.aln;' pown  , 


IIk'  open  (lijunoiulM  :\i('  IIk':  i('.‘ui1Im  oI  vSi  vv:i((m,‘!  on  Al 
j)np|)()i  Is,  Al  r.A)  wslls  lli(!  Nl)l<  l.s  iionily  llic  osmc  ;im  :U) 
walls.  Hnl  llus(^  l.s  a  .sloop  iiHM(’as(^  when  (he.  iiowts  is 
lnerea.s(ul  lo  1135  walls.  Al  Ihls  power  Ihe  deposil.ion  on  the: 
Ml  waler  Is  jfitsder  lhan  Ihe  eon es[)on(lln{:f  depo.slllons  on 
Insnlallnp,  suppoils.  And  la^aily  a.s  lai/^c'  as  llu'  deposllions 
on  lh(;  iiK'lal  Ihin  lilins.. 

I'lie  elose.d  eirelcrs  and  s(inai('s  an'  llu*  k^suKs  oI 
de.po.sKions  on  Ihin  lilniM  11  Al  and  (Mi  (i  (’siieel  iv('ly) 
depo.sihul  on  7nim  ;ilass  snl)sliales,  Al  I'dO  wall.s  Iheie  Is 
elcMuiy  a  lar^ei  de[)o.slllon  ralx*  lor  llu'.se  suhslrales  lhan  llu^ 
.SI  eonlalnliifx  inahMlals.  Al  I !)()  wall.s  llu^  ehau^^e  In  NI)K 
Is  no|  as  lar|'<^  as  Ihe  .SI  ('onlalnlipf  .si li ish  ale.s,  Which 
.sip^^iesl  vei  y  llllle  dependence  lor  llu;  ,si il isl i  ale.s  upon  power 
lo.vel.s  above  1  70  wal l.s. 

7.,  Analysis  ol  !)epo.si(lon  I  !oinpo,sil loi i 

lOaeh  1'  TIP  inn  eon.sl.sled  o!  loin  walei  .s  pi  isll  loins  1  ai  oiind 
liu;  ehaiiilier  al  a  (Ixful  ehaniher  hei;>hl  (7,),  P  l'IR  scans  (175 
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Appendix  C) 
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ExpctiittciiL  //4 


Si! 


C)l))ccll''c:  I'o  tlrieiiniiu*  {tic  i'IIccIh  ol  {frouiidlnj*  llic  iiu'lri!  RuliHlialcf! 

oil  (lie  qiialitvaini  clini aclci Isllc's  ol  (Icooallccl  ('aiboii  lllnio 
(DlA'l 

rrcxioiltitc:  Siil)a(!n(r  i  wrac  mclabon  {2  (In  on  {<la.aa,  "2  A1  on  {>Iao,n) 

I’llai  (o  cleaning,  aluinliiiini  foil  leads  wcic  aKaolual  to  (he 
laliH  of  one  Al  i)ialo.  and  one  ('n  plale  using  sinall  [ileecs  ol 
Ai'dier  hsaiul  ((>4010)  (ajK;  solder  (iiurehased  al  Radio 
KhaeU)  and  applying  heal  io  (he  (op  side  of  (he  Idl'  wKh  a 
soldeilng  lion.  Plates  weie  (lieu  ilnncd  in  lap  water  aiu' 
vapor  elcainal  in  acetone  vapor. 


IHd" 

'".Irnlfi  Ci.'id  irnral  i  on :  I 


n  11 


()'■ 


'I 


Expetimciil  HG 


ObJcc^Uvn:  To  oljtfiiii  tliickrt  fllma  Mimi  IIiomc  pi f'vkMiflIy 

Aloii  {JImfir  plMicR  nu(l  lo  make  ("ipacllm  (IcvIccm  out  of  llu  in 
for  rvalunl  Ion , 

pKKM'dniT::  55n!)slialca  w(M('  alimiliinin-oii  fJlaaa  (lollabllllv  platos).  I’lalcR 
were  olranctl  by  ringing  wKh  lap  wafer  mid  dik'd  In  aeelone 
vapors.  I’lalrs  weir  welf^hed,  lieal  lajie  (c'nt)  were  applied  ns 
masked  over  Ibe  tabs  (lo  prebnse  A/  for  Inter  lead 
n(lnelnnenl),  and  plnt(!s  were  plneed  In  llie  ('bnml)et  ns 
shown  In  (lie  diajriain  below'. 


I 


I 


I 


I 


» 


Experiment  itO 


()l)j(M’(lvc;  r<)  ohlnlii  (lilckrt  (lliiin  llinii  IIiohc  pi cvloiiRly  HrpoMlIrd  on 

fxl  on  jflaRfi  |iin(rR  miuI  Io  mnUr  (•np:u'llt)i  (li'vli'i's  on!  ol  (lirm 
(or  ('voInrUlon. 

I’rocn’diiir;  d  anlxsl t nlos  nl on  {(Inaf?  (i('ll<il)lllly  plalcfd.  I  Miihati ale 

v,'j«  Al-on-jdnpn  (lellahllK y  plalefd  Ail  weie  weie 

cleaiu’d  liy  liiiMliif*  vvKIi  tap  wntei  and  dik’d  in  aec'lone 
vajiois.  i’lalea  weie  vveljdied.  heal  lajie  (enl)  nifiBlk'd  ovei 
labs  and  |)la<'(‘d  Into  a  eiean  eliainlK'i  as  shown  in  tlic’ 
(lififMain  lieiow. 


Apj^ciulix  1 

Plaiiiiccl  Tec^liiiik'al  Ac'C'oniiili.shiiieiiLs  Srction 


oIAJuly  yuai  l(‘iiy  K('|)()i  I 


I'lie  next  phase  ol  Ihls  design  is  llie  siat'  or  eoinposlh' 
design.  It  (here  fippeais  (o  he  a  laek  ol  agreement  between 
llio  average  responses  ol  (lie  eetder  polid  or  non  llneai  lly, 
I'onr  star  points  are  (aken  lo(tel!u'i'.  'I'Ik'si'  points  along  wlllt 
the  I'aetors  are  eqnidlslani  lioin  lh(’  ('{'nl(M  points.  I'lu'si' 
new  n.ns  are  then  randoiulzc'd  and  (he  impoilant  elleeis  and 
Interaellons  can  he  delerinliu'd  by  a  llneat  regression. 

I'loni  this  InrormaUon  a  re.sponsc^  eurve,  whleli  Is  a 
Ihree-dinienlional  einAc  IhnI  plots  the  response  against  Ihe 
I'acdors,  is  plol((’d.  'I’lds  enrve  slioidd  sj)an  soiik'  irnige  and 
llius  Indl('al('s  llie  an'as  ol  maximum  and  ininimmn 
experimeidal  i)ai  anuMers. 

n.  PLAWIVED  TECHNICAL  ACCOMPLISHMENTS 

The  lollowing  are  planned  (eehnle.al  ae('oini)lishm('n(s  (o  he 
eondueh'd  hy  Ihe  Af’VP*  s<‘ginenl  ol  IIk'  /\f^'V  lA'I’/Aldtl'k' 
reseaich  learn  lhal  wer<'  generated  dining  llu'  duly  II  Id, 
1994  'reehnh'al  Mei'llng  at  A^'^/  T: 

(1)  After  Ihe  new  How  meters  an'  Inslallf'd,  Ihe  A^^  T  st'ginenl  ol 
Ihe  leseaieh  leani  will  redo  IvxperlnH'nl  //  fi  (see  Apjieiullx  2 
for  Ihe  olgeellve  and  jiroeeduie  of  ICxperlmenl  H  .9)  making 
any  adjust ini'ii Is  ni'eessaiv  lo  eorrelah'  (he  How  rales 

•NOIK:  Olht-i  psu  l.s  n(  (In'  jdliil  liin'iil.s  will  Ik-  (•;uiIciI  (miI  I  ly  li'inti  Tiirmlxi-:  ,i(  lA  I 

iiikI  AHDICC 


(2)  The  r  segmtMif  of  (lu*  iCHenK'li  (earn  will  eoin'lah' 
readings  of  (he  old  flow  eonlrollers  on  du'  deposJflon  sv^fem 
and  the  newly-ordeietl  (low  inefers. 

DLC  lllnia  needed  in  Kxp(M lni<*ni  H  G  (see  sfalcaneid  of 
r>xpeilinci?(  II  G  and  (la  pur|)ose  In  Appendix  2).  '('(le 

suhsl.rales  v;lll  he  12  glass  plales  on  whleli  aiunilnuin  1% 
eopner  (Al/1%  (Tt)  films  have  been  deposlled  l)y  a 
slaiuiardlze.l  [ihysleal  vaj)or  dt'pt'slflon  proc’ess  ufllfzlng 
reslslanee  lu  aiing.  The  nudal  film  lay-'!  will  be  nominally  2 
mieions  (hiek  and  shall  b('  ('xamim'd  [)i!(h  Io  DiX'  (h'poslllon 
(o  ensure  sujx  ^loi  adhesion  0(  Ibe  Al/I'lo  (  ii  (o  lh(‘  gkiss 
(samples  i('sl('d  should  ('xiilbll  adbesloiis  g,iea(ei  lhan 
10. 000  p.sl  as  nu'astiK'd  l)y  llu'  S('bns(lan  II!  adben'iK'e 
fesfei .) 

All  of  lh(^  subsliab's  will  lx*  eoab  d  willi  a  I)l/(  '  Him  usiu/(  (In' 
I’bT  Vl.)  leelml([ue  a(  A<‘VT.  Tb<'  deposit  Ion  pai  auK'lers  ai  c'  (o 
l)e  (denlleal  ex('('pl  for  IIk'  (line  of  run.  1.  e.  Iblekin'ss  ol  (In' 
(leiJosKs  will  be  (he  <‘x.'ei  Imenlal  vriabh',  .Slnee  Ibe 
deposlllon  system  al  A^^i'!'  i-an  only  aeei'pl  fbui  c;l  du' 
subslralc’s  b.  one  lun  (dm*  Io  di('  pbysleal  sl/.('  ol  llu' 
deposldon  ehamijer),  (hiee  itms  will  be  re(iulred  (o  eoal  die 
12  subsfrales;  IheiefoK'.  ( hree  dlllei enl  l)b('  IhlekiK'ssi's  will 
Ix'  produeixi. 

(2)  'file  A«Sj  r  segmeni  of  (he  ii'seaieb  (('am  will  malu’  (In'  I  )b(  ’ 
films  lU’cded  In  1^  ([X’l  inieni  II  7  (sei*  s(a(('m('ii!  of  ITv pi'riiiK'iil 

I  1 


U7  and  Hr  piirpoRO  In  Apixaidlx  2).  'llic  .snl)Rlia(cR  will  ht'  12 
glass  j)]alcs  Ruj)|)llcd  by  ARDIDC'  on  whkHi  alniiilinnii  1% 
coi)pcr  (AI/l%CHi)  nims  arc  drposKod  by  a  slandardl/rd 
pliysh'al  vapor  dr[)ORlHon  pro(H"'RS  ttlillzlng  i('slR(aii<'(' 
licallng.  I'lio  inolal  Him  Iay<'i  will  b(‘  nominally  2  mh  ions 
llilok  and  sliall  I)c  oxamlnrd  prior  lo  Dbc:  doposKlon  lo 
cnsinr  Rnp('rl(M  adln'sloii  ol  (In'  Al/l'K)Cn  lo  lln'  glass 
|Ranij)los  U'sU'd  should  ('xhibll  adhoslons  gic'alci'  (ban 
10.000  psl  as  moasurcd  by  (In'  Scbasllan  111  adln'i 
lesicr.)  Nino  of  lliosc  i)lak's  will  bo  fniodizod  inuh'i  a 

slandardlzcd  process  so  lhal  an  ^<'yor  ol  nominal 

llilekness  of  about  0.3  microns  Is  Ibrmod. 


All  12  of  llu'  subsliales  will  be  coaled  with  a  l)k('  lllni  nsiiig 
the  I’ECVD  l('clnd(|U('  at  Aite'P  In  whU'h  lln*  (k'poslllon 
[)aram('(('rs  an'  hU’ulk'al  (*xe('pl  for  (In'  linn'  of  (In'  run,  1. 
(blokness  of  (ho  (k'posKs  will  !)(*  Ibo  ('xp('i  liin'iiial  vailable. 
Since  (he  doposKion  syslein  n(ill/.ed  .a(  Ai'Vi'  can  only  ac( cpI 
four  of  (he  Ridjslralcs  In  one  run  (<hn'  (o  Iho  [)hysl('al  s!r('  of 
(he  (kposKkni  ('hambei),  (Im-e  runs  will  Ix’  Kspiired  lo  coal 
(he  I  !  snbfdiales;  one  Akon  glass  pla(e  with  lhie(‘ 

AI/Al,^0,^-oinglass  j»kdt's  will  compilse  each  run.  fljn'o 
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Appendix'.^,:  vSonir  Ut'lnlls  ol  ICxpci  Inicnls  Hi),  HV)  miuI  H7. 


Experiment  #5 


Ohjrc’llvc;:  'I'o  ()I)(:Um  (iilclici  IIIip.m  IIiomc  pi cvlonsly  dcpoHlIrd  on 

Al  ()ii-j|ln.SH  pl.'iliss  niid  lo  himKo  Ccipnclloi  d(’vlp(\s  oul  o(  llu’iii 
Idr  cvcdunllDM. 

Piopfului c;  SubsluilcH  wimp  niumliumi on  (i('IlMhllily  plalcs).  I’laIcK 

WPM'  (di'fUK'd  l)y  iliiMltif*  widi  lap  walci  ai  I  ililrd  In  ac  i'loiip 
vapots.  I’laU'.s  wimc  widfjK'd.  lical  tape  (rid)  wck'  applied  :ia 
inaalu'd  oven  (lie  (al).'!  (lo  picljasc  Af  (ei  laler  lead 
a(laeluneid). 


ExpciiniciiMO 

Pesei  Ipl  loll: 

Deleimliiallon  oi  (lie  edeel  o(  llilelmi'M;!  on  dleli'clile  '-slieni'lli 
(lireakdown  voliajfe)  for  Did'  lllnia  piodiieed  liy  ri'd’VI). 

I’uipose;  'I'o  tlelcnnlne  iiovv  bieakdown  vollaf',e  ol  iiaiallel  plair  eap  n  | 
(oi.s  lhbil(\'iled  with  PD(’VD  Did'  lllni.s  vaiics  vvllli  dielt  le 
(lilekneas. 


Experiment  jy_.7 

Deseiipdon: 

Deiei lainadoii  of  (be  edeel  oi  a  layined  eomposKi'  dieleelile 
and  lay<M  (lilekneaa  ol  (IIi’Icm  Ii  le  abeiifdli  (bu'akdown  vollaf'e) 
and  DC  leaka^Je  lanienl  lor  Did'  lllin.M  piodueed  by  IM'd'Vi)  In 
a  layei  <'d  Al,^<  ),j  /  Did  '  dieleeli  le  ■:yMlein. 

I’m  poae:  I )  To  did ei  mine  (he  elCci  (  o(  a  layei  ed  eonipoaKe  dleleel  i  le  ‘a  a 
leni  eompi  laliif;  .a  (bln  dim  ol  Aly(  nndei  n  DbC  Him  on  (In' 

Dt'  ieakajie  i  niieiil  and  bieakdown  vollape  ol  paiallel  plale 
eapai  lloiH. 


2)  To  delei  mine  how  In  eakdown  voMnjie  ol  pa  i  a  lie  I  plale  eapael 
loiM  fabilealed  wKli  layeied  eompoMlIe  dieleelile  eompi  Ised  ol 
a  (bln  Him  of  Al,^(),^  nndei  I'l'd'VD  Did  '  ( bin  llliii.a  vai  lea 

wKb  Did'  (I’iekneaM. 
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